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Today,  an  unprecedented  increase  in  global  temperature  is  attributed  to  the  rising  rate  of  greenhouse 
gases  (GHGs)  emissions  due  to  human  activities.  Fossil  fuel  combustion  in  end-use  sectors  releases  the 
majority  part  of  GHGs.  Global  warming  and  climate  changes  occur  due  to  the  GHGs  production  and  C02 
forms  around  72%  of  total  GHGs.  Necessity  of  investigation  in  GHGs  reduction  in  different  countries  is 
more  highlighted  when  statistics  illustrate  that  C02  emission  has  raised  1.6  times  in  recent  decades. 
Although,  Malaysia  is  not  listed  in  Annex  1  countries  in  Kyoto  Protocol  (KP),  this  developing  country  has 
taken  part  actively  in  GHG  reduction  under  the  KP  programs.  Rising  rate  of  GHGs  generation  in  Malaysia 
due  to  conspicuous  progressive  in  industry  and  increasing  rate  of  the  population  have  convinced  the 
government  to  invest  in  GHGs  reduction  through  different  programs.  Fuel  consumption  optimization, 
alternative  fuel  utilization  and  palm  trees  plantation  are  the  main  strategies  have  taken  into  account  by 
Malaysian  government.  This  paper  is  an  overview  of  the  main  sources  of  GHGs  in  Malaysia  and  aims  to 
review  the  preventive  proceedings  that  should  be  taken  by  the  Malaysian  government. 
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1.  Introduction 

Climate  change  has  become  one  of  the  main  concerns  of  humanity 
in  recent  century  [1],  The  negative  effects  of  GHGs  emission  on  people 
health  are  unavoidable  fact  [2],  The  most  abundant  GHGs  in  the 
atmosphere  are  water  vapor  (H20),  carbon  dioxide  (C02),  methane 
(CH4),  nitrous  oxide  (N20)  and  ozone  (03)  [3],  The  heat  radiation  from 
the  surface  of  the  earth  can  be  trapped  by  GHGs  in  the  atmosphere 
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and  global  wanning  is  the  main  consequence  of  GHGs  effect.  Fig.  1 
depicts  the  GHGs  effect  schematically  [4,5], 

The  atmospheric  lifetime  of  the  gas  has  been  defined  as  the 
period  of  time  that  a  kilogram  of  that  gas  remains  in  the  atmo¬ 
sphere  before  removing  by  chemical  reaction.  For  instance  the  life 
time  of  CH4  and  C02  has  been  estimated  around  12  and  200  years, 
respectively.  So  many  activities  have  been  performed  by  different 
countries  to  control  the  rising  rate  of  GHGs  production  in  the 
world.  United  Nations  Framework  Convention  on  Climate  Change 
(UNFCC)  is  the  nonbinding  protocol  goaled  at  atmospheric  GHGs 
reduction  which  more  than  150  countries  agreed  on  that  [6], 
The  Kyoto  Protocol  (KP)  was  adopted  by  the  participant  countries 
in  UNFCC  in  December  1997.  The  content  of  KP  which  is  an 
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Radiation  from  the  earth 


Fig.  1.  Schematic  of  GHGs  effect  [4,5]. 
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Fig.  2.  The  framework  of  CDM  institution  in  Malaysia  [10], 


international  treaty  to  combat  climate  change  by  urgent  global 
GHGs  reduction  is  similar  to  UNFCC;  however  the  countries  have 
been  listed  in  Annex  I  and  non-Annex  I.  The  developed  countries 
which  have  been  listed  in  Annex  1  have  been  bound  to  reduce  the 


rate  of  GHGs  emission  to  the  specific  amounts  according  to  the 
related  timetables.  In  contrary,  the  non-Annex  I  countries  have  not 
urged  in  GHGs  reduction.  The  developing  country  Malaysia  which 
has  been  listed  in  non-Annex  1  countries  ratified  the  KP  at 
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September  2002  [7,8],  Although  Malaysia  does  not  have  any 
obligation  for  emission  reduction,  Clean  Development  Mechanism 
(CDM)  offered  by  KP  for  Annex  I  countries  has  been  created  a 
window  for  non-Annex  I  countries  like  Malaysia  to  participate  in 
GHG  reduction  voluntary  in  sustainable  manner.  CDM  has  sig¬ 
nificant  benefits  for  Malaysia  environmentally  and  economically 
such  as  GHGs  reduction  and  alternative  energy  development. 
According  to  GHGs  producers  world  ranking  published  by  Yale 
University,  Malaysia  was  26th  country  among  149  countries  in 
GHGs  production  by  final  score  84  [9],  Currently,  the  ministry  of 
Natural  Resources  and  Environment  (NRE)  is  responsible  for  CDM 
in  Malaysia  and  some  projects  such  as  forestry  projects,  renewable 
and  sustainable  energy  (RSE)  projects  and  energy  efficiency 
projects  have  been  defined  as  the  priorities  of  CDM.  Fig.  2 
illustrates  the  frame  work  of  National  Committee  on  CDM  in 
Malaysia  [10], 

GHGs  production  and  global  warming  phenomena  not  only 
impact  on  environment  and  economy  but  also  have  conspicuous 
effects  on  the  human  health.  Agriculture,  forestry  and  tourism 
industry  in  Malaysia  could  be  affected  by  more  pollutant  produc¬ 
tion  in  this  country.  Moreover,  heart  stroke,  respiratory  and 
cardiovascular  problems,  respiratory  and  cardiovascular  problems 
and  the  risks  of  death  from  dehydration  are  the  most  important 
effects  of  GHGs  on  human  health.  Basically,  the  effects  of  GHGs  on 
human  health  have  been  referred  to  black  carbon,  ozone  and 
sulphates.  Heart  diseases,  lung  damage  and  asthma  attack  can  be 
intensified  by  ground  level  ozone  or  so-call  bad  ozone  [11  ].  Table  1 
demonstrates  a  summary  of  climate,  health,  economy  and  emis¬ 
sion  related  to  aforementioned  pollutant  [12], 

Energy  consumption  is  the  base  of  progress  in  the  industry  and 
economic  developments.  However,  more  pollution  formation  is 
the  main  consequence  of  more  fuel  utilization  [13,14],  Indeed,  raw 
materials  can  be  transferred  from  one  product  to  another,  but  this 
conversion  can  release  anthropogenic  emissions  of  C02,  CH4,  N20, 
halocarbons  (HFCs)  and  sulphur  hexafluoride  (SF6)  from  industrial 
production  processes.  These  emissions  are  not  directly  generated 
from  the  energy  consumed  during  the  process.  In  Malaysia, 
emission  from  fuel  combustion,  fugitive  emissions  from  oil  and 
gas  system,  burning  of  biomass  fuel  and  fugitive  emissions  from 
coal  mining  and  palm  oil  mills  are  categorized  in  emission  from 
energy  sectors.  Also,  emissions  from  industrial  process  are  gener¬ 
ated  from  metal  production,  consumption  of  mineral  products  and 
production  of  chemical  products  [15], 


2.  C02  emission 
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Carbon  dioxide  (C02)  formation  in  fossil  fuel  combustion  and 
its  climate  impaction  has  become  the  most  important  issues 
politically  and  scientifically.  The  rate  of  C02  generation  has  been 
increased  rapidly  during  last  50  years  [16].  Around  30  billion  tons 
C02  release  to  the  atmosphere  through  human  activity  annually 
[17].  Although  the  preventive  role  of  C02  for  the  earth  from  space 
frozen  balls  is  unavoidable,  global  warming  and  rising  rate  of 
droughts,  storms  and  floods  are  the  main  results  of  much  C02 
concentration.  Statistics  show  that  the  rate  of  C02  constitution  has 
increased  30%  globally  and  the  temperature  has  increased  0.3- 
0.6  °C  recently  [18],  Consequently,  the  levels  of  the  sea  has  raised 
10-20  cm  during  last  century  due  to  the  melting  of  the  polar  ice 
cap  and  glaciers,  which  increase  the  level  of  water  in  the  oceans 
and  the  sea  [19],  Carbon  dioxide  is  the  most  important  gas  within 
the  context  of  greenhouse  gas  emissions.  C02  is  the  most  abundant 
gases  in  the  atmosphere  and  has  a  high  calorific  power.  Moreover, 
it  was  easily  generated  by  human  activities,  essentially  by  fossil 
fuels  and  wood  burning.  Related  to  that,  C02  may  consider  as 
reference  gas  for  greenhouse  and  other  gases  are  stated  in  C02 
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units.  C02  emissions  are  produced  from  fertilizer  production,  farm 
fieldwork,  manufacture  and  supply  of  machinery,  grain  drying  and 
electricity  consumption.  Over  3912  million  tonnes  of  C02  equiva¬ 
lents  in  2010  was  produced  from  two  principal  sources  which  are 
oil  and  gas-fired  power  stations  generating  electricity,  and  road 
transportation,  which  includes  the  use  of  cars  and  collective 
passenger  road  transport,  as  well  as  freight  transport.  The  other 
main  contributors  of  emissions  are  coming  from  fuel  combustion 
in  manufacturing  industries.  Furthermore,  energy-intensive  activ¬ 
ity  such  as  the  manufacture  of  iron  and  steel  or  chemicals  and 
households  in  the  form  of  fuel  combustion  for  domestic  heating 
are  mentioned  as  the  main  sources  of  GHGs  emission.  Fig.  3 
depicts  the  historical  data  of  global  C02  emission  from  2000  to 


2013  and  anticipates  the  rate  of  C02  formation  until  2030  by 
different  end-use  sectors  [20], 


2.3.  C02  emission  in  Malaysia 

In  Malaysia,  transportation  system,  electricity  generation, 
industrial  sectors  and  residual  have  been  mentioned  as  the  main 
contributors  of  C02  emission.  According  to  statistics  from  Asian 
Pacific  Energy  Center  (APEC),  the  outlook  period  for  C02  emission 
from  energy  consumers  in  Malaysia  is  projected  to  grow  about 
4.2%  annually  reaching  414  million  tone  of  dioxide  carbon  in  2030. 
Apart  from  fuel  combustion,  agricultural  activities  and  waste 


O 

u 

H 

o 


o 

u 

•o 


e 

H 


60 

50 

40 

30 

20 

10 

0 


□  Transport 

□  Bildings 

□  Industry 

□  Agriculture 


eft 


v- 


csV 


* 


'V* 

cv> 


£ 


rV3  'V3 

Year 

Fig.  3.  The  rate  of  global  C02  emission  by  end-use  sectors  from  2000  to  2030  [20]. 
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Fig.  4.  The  schematic  of  LEAP  model  [22]. 
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materials  includes  disposal  and  water  treatment  are  the  other 
resources  of  GHGs  generation  in  Malaysia.  Based  on  Long-range 
Energy  Alternatives  Planning  system  (LEAP),  the  rate  of  C02 
emission  from  fossil  fuel-based  sectors  for  the  period  of  2000  to 
2020  can  be  modeled  [21],  The  structure  of  LEAP  model  which 
consist  of  energy  demand,  energy  conversion,  transmission,  dis¬ 
tribution,  and  end-use  has  been  shown  in  Fig.  4  schematically  [22], 
Invoking  to  LEAP  model  and  the  related  formulas  [23]  the  trend 
of  energy  demand  and  C02  emission  in  Malaysia  from  2000  to 
2020  has  been  plotted  in  Figs.  5  and  6,  respectively  [17], 


Some  data  such  as  the  rate  of  population  growth,  the  level  of  the 
global  wealth  and  the  rate  of  energy  demand  have  been  applied  to 
anticipate  the  rising  rate  of  C02  production.  The  population  growth  has 
been  assumed  2.1%  from  2010  to  2020  in  Malaysia  [24], 


2.2.  C02  removal  process  in  Malaysia 

To  reduce  the  rate  of  C02  formation  from  fossil-fuel  power 
plants  some  applicable  strategies  should  be  taken  into  account. 
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Fig.  5.  Energy  demand  for  different  sectors  in  Malaysia  [17], 
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Fig.  6.  C02  emission  from  different  resources  in  Malaysia  [17]. 


Table  2 


Strategies  planned  by  NRE  for  GHG  reduction  regarding  to  the  forest  [10]. 

Objective 

Sub-objective 

Solution 

Action 

Reduce  GHG  emissions 
from  forest 

Reduce  deforestation 

(decrease  depletion  of  carbon  stocks) 

Increase  reforestation 
(carbon  sequestration) 

Reduce  forest  fire 

Reduce  conversion  to  other  land  uses 
Reduce  logging 

Accelerate  natural  forest  regeneration 
Accelerate  forest  regeneration  artificially 

Improve  forest  fire  management 

Develop  alternative  income  opportunities 
Decrease  net  log  production  volume 
Decrease  waste  in  log  production 

Improve  land  management 

Plant  trees 
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C02  capturing  method  and  employing  carbon  sequestration, 
switching  the  fuel  and  application  of  alternative  fuel  especially 
biofuel  and  biogas  and  increasing  the  efficiency  of  the  power 
plants  are  the  best  methods  to  approach  low  C02  emission  in 
Malaysia  [25],  Theoretical  calculations  confirm  that  by  implemen¬ 
tation  of  some  strategies  like  raising  thermostat  set  point  of  a 
refrigerators  and  air  conditions  and  observing  energy  efficiency 
standards,  the  rate  of  GHGs  can  be  declined  in  Malaysian  house¬ 
hold  applications  drastically  [26],  In  Malaysia,  palm  plantation  and 
permanent  forest  have  played  crucial  role  in  C02  removing.  The 
rate  of  C02  removal  was  reported  167  Mt  and  82  Mt  by  forest  and 
palm  plantation  respectively  and  they  were  still  the  main  C02 
removers  for  Malaysia  up  to  now.  This  removal  trend  seems  to 
continue  in  future  because  Malaysian  government  has  adopted 
some  strategies  to  increase  the  palm  plantation  in  the  future. 
Some  strategies  for  GHGs  reduction  regarding  to  the  forestation 
planned  by  NRE  in  Malaysia  have  been  summarized  in  Table  2  [10], 


3.  CH4  emission  in  Malaysia 

CH4  emission  has  been  emitted  from  anthropogenic  and  natural 
sources.  Around  70%  of  worldwide  methane  emission  is  related  to 
anthropogenic  sources.  The  concentration  of  CH4  j„  atmosphere  has 
been  tripled  during  last  150  years  [27],  Some  sources  such  as 
municipal  solid  waste  (MSW)  [28],  landfills  and  old  waste  deposits 
[29,30],  coal  mining  [31],  anaerobic  digestions  [32],  cattle  ranching 
[33],  rising  main  sewers  [34],  agricultural  products  [35],  the  processing 
and  drilling  of  oil  and  gas  [36]  and  rice  paddies  [37]  have  been 
mentioned  as  the  main  sources  of  CH4  constitution.  Moreover,  animal 
husbandly  is  one  of  the  most  important  sources  of  CH4  in  the  world 
[38,39],  It  has  been  stipulated  that  around  15%  of  global  methane 
generation  is  related  to  CH4  emission  from  ruminants  [40],  Also, 
around  18%  of  GHG  emissions  have  been  referred  to  the  animal 
husbandly  [41],  In  this  case  about  84%  animal  CH4  generation  is 
related  to  buffaloes  and  cattle's  enteric  [42],  The  government  of 
Malaysia  has  some  strategies  to  develop  the  agricultural  livestock 
such  as  cows,  buffaloes  and  goats  under  the  National  Meat  Policy  in 
order  to  increase  the  Malaysia's  self-sufficiency  in  meat  products. 
Therefore,  the  rate  of  CH4  production  by  livestock  resources  increases 
and  some  appropriate  strategies  should  be  taken  into  account  in  this 
case.  Base  on  emission  factors  for  enteric  fermentation  and  manure 
management  offered  by  1PCC  in  Table  3,  the  rate  of  CH4  emission  by 
different  livestock  in  Malaysia  has  been  provided  in  Table  4  [43], 

The  type  of  treatment  or  storage  facility,  the  ambient  climate 
and  the  composition  of  the  manure  are  the  most  important  factors 
effect  on  the  quantity  of  CH4  emission  from  manure.  Enteric 
fermentation  and  manure  storage  at  dairy  industry  can  be  excel¬ 
lent  sources  of  CH4  generation.  Although  the  rate  of  CH4  concen¬ 
tration  in  the  atmosphere  is  relatively  low,  its  calorific  power  is  21 
times  greater  than  C02.  The  CH4  emissions  would  also  related  to 
the  treatment  technology  used  for  waste  water  cleaning.  The 
appropriate  strategies  in  waste  water  recirculation  can  increase 


Table  3 

Emission  factors  for  enteric  fermentation  and  manure  management  [43], 


Livestock 

Enteric  fermentation 

Emission  management 

Cattle-diary 

68.0 

31.00 

Others 

47.0 

1.00 

Buffalo 

55.0 

2.00 

Sheep 

5.00 

0.20 

Goats 

5.00 

.022 

Pigs 

1.00 

7.00 

Horses 

180 

2.19 

Poultry 

0.02 

0.02 

Table  4 

Total  CH4  emissions  by  different  livestock  in  Malaysia  [43], 


Livestock 

Total  CH4  emission 
(Gg)  (1980) 

Total  CH4  emission 
(Gg)  (2008) 

Cattle 

45.61 

65.24 

Buffalo 

18.55 

8.52 

Sheep 

0.63 

0.32 

Goats 

1.79 

1.49 

Horses 

0.10 

0.14 

Pigs 

14.70 

14.93 

Poultry 

2.18 

8.17 

the  possibility  of  biogas  generation  as  a  RSE  fuel  from  these  waste 
materials.  Also,  some  executive  implementation  such  as  compost¬ 
ing  of  MSW,  landfill  capping,  aerobic  landfilling  and  biogas 
capturing  released  from  landfills  are  effective  factors  for  CH4 
reduction  in  landfill  waste  management  [44], 


4.  Energy  mixed  strategy  in  Malaysia 

Around  53%  augmentation  in  world  energy  demand  has  been 
prognosticated  by  the  International  Energy  Agency  by  the  year  2030. 
Fossil  fuel  by  around  88%  utilization  is  the  most  common  sources  of 
energy  demand  which  is  provided  by  oil,  coal  and  natural  by  around 
35%,  29%  and  24%  respectively.  Nuclear  energy  with  5.5%  and  hydro- 
power  by  6.4%  supply  the  small  part  of  required  world  energy.  As  fossil 
fuels  resources  are  transitory  and  their  consumption  is  one  of  the  main 
sources  of  GHGs  production,  the  role  of  RSE  resources  has  been 
highlighted  in  recent  decades  [45],  The  emissions  released  from  fossil 
fuel  combustion  can  endanger  the  ecosystems;  therefore  the  environ¬ 
mental  concerns  related  to  fossil  fuel  consumption  have  increased. 
Indeed,  the  rate  of  energy  lost  and  GHGs  generation  in  energy 
conversion  process  from  primary  energy  (e.g.  crude  oil,  natural  gas, 
uranium)  into  the  secondary  energy  (e.g.  electricity,  petroleum)  is 
considerable  [46].  Today,  around  11%  of  energy  demand  of  the  world 
has  been  supplied  by  renewable  energy  resources  [47],  The  most 
important  kinds  of  RSE  and  the  scenario  of  their  contribution  in  global 
energy  supply  up  to  2040  have  been  summarized  in  Table  5  [48], 

In  order  to  achieve  low  pollutant  formation,  energy  saving  and 
redaction  petroleum  dependency  targets,  Malaysian  government 
adopted  the  Five-fuel  Diversification  Strategy  in  1999.  In  this 
strategy  natural  gas,  hydro,  renewable  energy,  coal  and  petroleum 
have  been  mentioned  as  the  main  source  of  energy  demand  in 
Malaysia.  Biomass  can  be  one  of  the  best  sources  of  renewable 
energy  in  Malaysia  due  to  abundance  of  natural  resources  and 
jungles  [13].  Recently,  natural  gas  has  been  utilized  as  the  main 
source  of  energy  in  Malaysia.  Malaysia  by  around  1000  million 
cubic  feet  per  day  is  the  largest  natural  gas  reservoir  in  South  East 
Asia  and  12th  largest  in  the  world.  This  valuable  opportunity  has 
been  taken  into  account  by  Malaysian  government  to  increase 
natural  gas  application  in  transportation  system.  Indeed,  some 
infrastructures  such  as  instruction  for  periodic  technical  inspec¬ 
tion  of  the  vehicle,  retiring  old  vehicles,  road  inspection,  research 
and  development  to  biofuel  car  promotion  have  been  implemen¬ 
ted  by  the  government  [17],  In  the  other  hand,  the  fuel  diversifica¬ 
tion  strategy  was  implemented  by  Malaysian  government  due  to 
fluctuations  in  crude  oil  prices.  In  this  case  it  has  been  tried  to 
decline  the  role  of  crude  oil  in  energy  mix  in  Malaysia.  Therefore, 
the  production  and  utilization  of  biodiesel  has  been  developed 
vastly  in  Malaysia.  It  has  been  stipulated  that  the  rate  of  GHGs 
production  can  be  reduced  dramatically  by  palm  oil-based  bio¬ 
diesel  utilization  in  Malaysian  transportation  system.  More¬ 
over,  according  to  the  policies  5.5%  of  total  electricity  genera¬ 
tion  in  Malaysia  should  be  based  on  biofuel  utilization  by  the 
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Table  5 

The  contribution  of  renewable  and  sustainable  energy  in  global  energy  supply  by  2040  [48], 


2001 

2010 

2020 

2030 

2040 

Total  consumption  (million  tons  oil  equivalent) 

10038 

10549 

11425 

12352 

13310 

Biomass 

1080 

1313 

1791 

2483 

3271 

Large  hydro 

22.7 

266 

309 

341 

358 

Geothermal 

43.2 

86 

186 

333 

493 

Small  hydro 

9.5 

19 

49 

106 

189 

Wind 

4.7 

44 

266 

542 

688 

Solar  thermal 

4.1 

15 

66 

244 

480 

Photovoltaic 

0.1 

2 

24 

221 

784 

Solar  thermal  electricity 

0.1 

0.4 

3 

16 

68 

Marine  (tidal/wave/ocean) 

0.05 

0.1 

0.4 

3 

20 

Total  RES 

1365.5 

1745.2 

2964.4 

4289 

6351 

Renewable  energy  source  contribution  (%) 

13.6 

16.6 

23.6 

34.7 

47.7 
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Fig.  7.  C02  reduction  in  industrial  boiler  fueled  by  various  biodiesel  blends  [58], 


year  2015  [49],  Hydropower  by  negligible  GHGs  generation  could 
be  the  valuable  source  of  energy  in  Malaysia.  The  potential  of 
electricity  generation  from  hydropower  in  Malaysia  has  been 
foreseen  around  29,000  MW  [50],  However,  this  excellent  oppor¬ 
tunity  has  not  been  developed  properly  yet  and  only  around 
2091  MW  power  has  been  generated  in  this  country  [46].  Beside 
hydropower,  solar  energy  and  wind  energy  can  be  the  most 
promising  sustainable  energy  resources  and  they  have  great 
potential  to  generate  clean  energy  in  the  world  [51,52].  Malaysia 
has  favorable  climate  circumstances  for  solar  and  wind  energy 
development.  The  daily  average  of  solar  irradiations  in  Malaysia  is 
relatively  high  due  to  the  abundant  sunshine  in  various  seasons 
and  it  has  been  recorded  from  4.21  kW/m2  to  5.56  l<W/m2 
annually  [53],  Currently,  the  application  of  this  environmentally 
friendly  source  of  energy  has  been  limited  to  domestic  level  and 
around  10,000  domestic  solar  energy  units  have  been  reported 
throughout  Malaysia.  Totally,  despite  all  of  the  efforts  for  renew¬ 
able  energy  promotion,  the  maximum  potential  of  these  sustain¬ 
able  energies  has  not  been  achieved  yet.  To  attain  sustainability  in 
fuel  mix  strategy  some  factors  such  as  raising  a  wider  application 
of  renewable  energy,  increasing  the  rate  of  efficiency  in  energy 
production,  conversion  and  utilization  should  be  observed. 


5.  GHGs  reduction  in  Malaysian  industries 

5.1.  Palm  oil  industry 

Today  fossil  fuel  depletion  and  more  toxic  emission  formation 
from  combustion  of  fossil  fuel  have  become  the  main  concerns  of 


energy  and  environmental  societies  [54],  The  environmental 
dilemma  problems  such  as  climate  change,  receding  of  glaciers, 
increasing  the  sea  level,  GHGs  effects  and  lack  of  biodiversity  have 
been  emerged  due  to  lack  of  appropriate  strategy  to  control  the 
pollutant  formation  in  transportation  systems  and  industrial 
sectors  [55].  Therefore,  RSE  resources  like  agricultural  products, 
animal  waste,  municipal  solid  wastes  and  wastewater  effluent 
have  been  developed  to  cope  with  these  problems  [56],  Also, 
biodiesel,  biomethanol,  bioethanol  and  biohydrogen  as  the  main 
biomass  products  have  been  applied  vastly  in  energy  generation. 
Huge  amounts  of  biofuel  resources,  fluctuation  in  fossil  fuel  prices 
and  environmentally  friendly  characteristics  of  biofuel  combus¬ 
tion  process  have  convinced  the  governments  of  tropical  coun¬ 
tries  to  invest  in  development  of  biofuel  industry  [57,58],  It  has 
been  proven  that  the  application  of  biodiesel  blends  mitigates 
the  rate  of  C02  formation  in  industrial  boilers  dramatically  [59], 
As  it  has  been  shown  in  Fig.  7,  the  rate  of  C02  reduction  in 
different  industrial  boilers  fueled  by  biodiesel  is  related  to  the 
fuel  combination  [58], 

To  have  a  correct  judgment  about  the  effects  of  biodiesel  on 
climate,  total  well  to  wheel  GHGs  effects  include  production, 
distribution  and  utilization  should  be  considered.  Fig.  8  depicts 
the  different  steps  of  traditional  diesel  and  biodiesel  cycle  to 
illustrate  the  GHGs  generation  in  the  various  stages. 

Palm  oil  by  around  35.5%  total  annual  production  has  been 
known  as  the  biggest  vegetable  oil  in  the  world  [60],  Appropriate 
equatorial  climate  in  Malaysia  is  the  main  cause  of  palm  trees 
cultivation  in  this  country  and  the  great  potential  of  energy 
generation  from  palm  oil  is  the  base  of  palm  oil  mills  development 
[61].  Palm  oil-based  biodiesel  has  shown  more  GHGs  saving 
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Fig.  8.  GHGs  generation  in  different  steps  of  traditional  diesel  and  biodiesel  cycle  [58], 


Fig.  9.  GHGs  emission  reduction  of  various  biofuels  relative  to  fossil  fuels  [62], 


compared  to  the  other  biodiesel  feedstock  as  it  has  been  illustrated 
in  Fig.  9  [62], 

However,  CH4  generation  from  anaerobic  digestion  mechanism 
of  palm  oil  mill  effluent  (POME)  is  the  most  important  challenge  in 
production  process  of  palm  oil  factories  [63],  Furthermore,  the  rate 


of  methane  generation  from  POME  increases  conspicuously  when 
solid  residues  like  empty  fruit  bunches  (EFB)  are  added  to  the 
POME  [60],  Indeed,  the  number  of  palm  oil  factories  has  increased 
sharply  due  to  the  global  interest  to  palm  oil-based  biofuel.  In 
1960,  the  number  of  palm  oil  mills  were  reported  10  factories  in 
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Malaysia,  however  410  palm  oil  mills  were  recorded  in  Malaysia  by 
the  year  2008  [61].  The  rate  of  POME  released  from  palm  oil 
production  process  is  around  2.5-3  t/1  t  crude  palm  oil  production 
[64],  This  contaminated  POME  which  is  generated  from  the  first 
step  of  biodiesel  production  can  endanger  the  environment  [65], 
POME  can  treat  the  atmosphere  by  huge  amounts  of  C02  and  CH4 
production  [56].  Carbon  Emission  Reduction  (CER)  strategy  can  be 
obtained  by  applying  the  closed  anaerobic  digestion  systems 
according  to  CDM  instructions  [66], 

5.2.  Mineral  and  chemical  production 

Total  amount  of  C02  released  to  the  atmosphere  from  Malay¬ 
sian  industrial  sectors  was  reported  13,690  Gg  in  which  9776  Gg 
from  the  mineral  industries  (such  as  cement  production,  lime 
production,  limestone  and  dolomite  use)  1118  Gg  from  the  chemi¬ 
cal  industry  (like  ammonia  production,  nitric  acid  production, 
carbide  production)  and  2797  Gg  from  the  iron  and  steel  industry. 
Moreover,  4.28  Gg  of  CH4  from  the  petrochemical  industry  (the 
process  of  coke,  methanol,  styrene  carbon  black  and  ethylene 
production)  and  0.66  Gg  of  the  N20  from  nitric  acid  production 
were  generated  from  industrial  processes  in  Malaysia.  Also,  the 
amount  of  HFC  and  SF6  were  measured  0.11  Gg  and  0.00026  Gg, 
respectively  [15],  In  Malaysia,  cement  production  is  the  largest 
GHGs  emitter  industry  due  to  the  contaminated  manufacturing 
process  and  utilization  of  fossil  fuel  in  the  combustion  process.  C02 
is  generated  from  clinker  production  in  cement  making.  Clinker  as 
an  intermediate  production  is  made  when  limestone  is  heated  to 
produce  lime  and  substantial  amount  of  C02  is  also  generated 
during  this  reaction.  The  final  amount  of  generated  C02  depends 
on  the  type  of  cement  being  made.  Lime  is  the  other  important 
products  in  Malaysia  applied  in  cement  production  process,  steel 
making,  pulp  and  paper  manufacturing  and  construction.  Quick¬ 
lime  type  is  the  most  common  production  in  Malaysia.  Many  lime 
producers  in  Malaysia  are  still  using  traditional  port  kilns  which 
are  able  to  produce  between  30  t  and  70  t  of  quicklime  per  unit. 
C02  emission  from  lime  production  in  Malaysia  is  measured  based 
on  the  common  process  in  the  production  of  quicklime  [15], 
Application  of  low  emission  combustion  technologies  [67],  using 
alternative  fuel  [16],  utilization  of  high  performance  filters,  cyclone 
and  electrostatic  precipitator  in  cement  and  lime  industries  could 
be  effective  for  pollutant  reduction  in  Malaysian  industries. 

6.  Conclusion 

Energy  supply,  GHGs  generation  from  different  energy  resources 
and  climate  change  plays  crucial  role  in  the  global  policy  planning. 
Various  ecosystems  can  be  jeopardized  by  increasing  rate  of  pollutant 
emissions  in  combustion  processes,  therefore  the  environmental 
concerns  related  to  fossil  fuel  application  in  transportation  system 
and  industrial  sectors  have  augmented.  In  order  to  control  the 
increasing  rate  of  GHGs  production  and  global  warming  phenomena, 
some  global  protocols  like  UNFCC  and  KP  have  been  adapted.  Huge 
amount  of  pollutant  formation  is  one  of  the  main  consequences  of  the 
significant  progress  in  industry  and  the  raising  rate  of  population  in 
Malaysia.  Therefore,  the  Malaysian  government  has  been  convicted  to 
participate  in  GHGs  removal  programs  actively.  Increasing  the  effi¬ 
ciency  of  power  plants  and  alternative  fuel  application  in  power 
generation,  RSE  employment,  C02  capturing  and  carbon  sequestration, 
biogas  capturing  from  MSW,  landfills  and  anaerobic  digestions  and 
biodiesel  utilization  in  transportation  and  industrial  sectors  are  the 
main  preventive  strategies  for  GHGs  augmentation  rate  in  Malaysia. 
From  overall  review,  Malaysia  has  great  potential  in  RSE  utilization  and 
especially  biodiesel  production  due  to  its  numerous  palm  trees  and 
jungles.  In  environmental  aspect,  palm  trees  plantation  is  one  of  the 


best  strategies  to  C02  removal.  Moreover,  the  utilization  of  palm  oil- 
based  biodiesel  as  an  environmentally  friendly  fuel  with  low  pollutant 
formation  in  combustion  process  should  be  developed  in  Malaysia. 

References 


[1]  Gomes  J,  Nascimento  J,  et  al.  Estimating  local  greenhouse  gas  emissions— a 
case  study  on  a  Portuguese  municipality.  International  Journal  of  Greenhouse 
Gas  Control  2008;2(l):130-5. 

[2]  Tingem  M,  Rivington  M.  Adaptation  for  crop  agriculture  to  climate  change  in 
Cameroon:  turning  on  the  heat.  Mitigation  and  Adaptation  Strategies  for 
Global  Change  2009;14(2):153-68. 

[3]  Lee  SJ,  Ryu  IS,  et  al.  A  review  of  the  current  application  of  N20  emission 
reduction  in  CDM  projects.  International  Journal  of  Greenhouse  Gas  Control 
2011  ;5(1 ):  167— 76. 

[4]  Panwar  N,  Kaushik  S,  et  al.  Role  of  renewable  energy  sources  in  environmental 
protection:  a  review.  Renewable  and  Sustainable  Energy  Reviews  2011;  15 
(3):1513-24. 

[5]  Dincer  I.  Renewable  energy  and  sustainable  development:  a  crucial  review. 
Renewable  and  Sustainable  Energy  Reviews  2000;4(2):  157-75. 

[6]  Lund  H.  The  Kyoto  mechanisms  and  technological  innovation.  Energy  2006;31 
(13):2325-32. 

[7]  Xiao  S,  Li  K.  On  the  use  of  an  electrochemical  membrane  module  for  removal 
of  C02  from  a  breathing  gas  mixture.  Chemical  Engineering  Research  and 
Design  1997;75(4):438-46. 

[8]  Hansen,  UE.  (2008).  Technology  and  knowledge  transfer  from  Annex  1  coun¬ 
tries  to  Non  Annex  1  countries  under  the  Kyoto  Protocol's  Clean  Development 
Mechanism  (CDM):  an  empirical  case  study  of  CDM  projects  implemented  in 
Malaysia,  Danmarks  Tekniske  Universitet,  Riso  Nationallaboratoriet  for  Baere- 
dygtig  Energi. 

[9]  Esty  DC,  Levy  MA,  et  al.  Environmental  performance  index.  New  Haven:  Yale 
Center  for  Environmental  Law  and  Policy;  2008. 

[10]  (http://www.nre.gov.my/english/Pages/defaultNRE.aspx). 

[11]  Hosseini  SE,  Wahid  MA,  et  al.  High  temperature  air  combustion:  sustainable 
technology  to  low  NO*  formation.  International  Review  of  Mechanical  Engi¬ 
neering  2012;6(5):947-53. 

[12]  Smith  KR,  Jerrett  M,  et  al.  Public  health  benefits  of  strategies  to  reduce 
greenhouse-gas  emissions:  health  implications  of  short-lived  greenhouse 
pollutants.  The  Lancet  2010;374(9707):2091-103. 

[13]  Rahman  Mohamed  A,  Lee  KT.  Energy  for  sustainable  development  in  Malaysia: 
energy  policy  and  alternative  energy.  Energy  Policy  2006;34(15):2388-97. 

[14]  Ang  JB.  Economic  development,  pollutant  emissions  and  energy  consumption 
in  Malaysia.  Journal  of  Policy  Modeling  2008;30(2):271-8. 

[15]  (http://ghg.greentechmalaysia.my/). 

[16]  Hosseini  SE,  Wahid  MA.  Feasibility  study  of  biogas  production  and  utilization 
as  a  source  of  renewable  energy  in  Malaysia.  Renewable  and  Sustainable 
Energy  Reviews  2013;19:454-62. 

[17]  Safaai  NSM,  Noor  ZZ,  et  al.  Projection  of  C02  emissions  in  Malaysia. 
Environmental  Progress  &  Sustainable  Energy  2011;30(4):658-65. 

[18]  Chakraborty  S,  Tiedemann  A,  et  al.  Climate  change:  potential  impact  on  plant 
diseases.  Environmental  Pollution  2000;108(3):317-26. 

[19]  Bose  RK.  Energy  demand  and  environmental  implications  in  urban  transport- 
case  of  Delhi.  Atmospheric  Environment  1996;30(3):403-12. 

[20]  Exxon  Mobil.  The  outlook  for  energy:  a  view  to  2030.  Washington,  DC: 
Corporate  Planning;  2009. 

[21]  Cai  W,  Wang  C,  et  al.  Comparison  of  C02  emission  scenarios  and  mitigation 
opportunities  in  China's  five  sectors  in  2020.  Energy  Policy  2008;36 
(3):1181-94. 

[22]  Shin  HC,  Park  JW,  et  al.  Environmental  and  economic  assessment  of  landfill 
gas  electricity  generation  in  Korea  using  LEAP  model.  Energy  Policy  2005 ;33 
(10):1261-70. 

[23]  Caire,  G,  F  Pieri.  (2006),  Leap  user  guide,  TILab,  Jan. 

[24]  Unit,  EP.  (2001),  Eighth  Malaysia  Plan  2001-2005,  Economic  Planning  Unit 
Malaysia. 

[25]  Hashim  H,  Douglas  P,  et  al.  Optimization  model  for  energy  planning  with  C02 
emission  considerations.  Industrial  &  Engineering  Chemistry  Research 
2005;44(4):879-90. 

[26]  Saidur  R,  Masjuki  H,  et  al.  Energy  and  associated  greenhouse  gas  emissions 
from  household  appliances  in  Malaysia.  Energy  Policy  2007;35(3):  1648-57. 

[27]  Keppler  F,  Hamilton  JTG,  et  al.  Methane  emissions  from  terrestrial  plants 
under  aerobic  conditions.  Nature  2006;439(7073):187-91. 

[28]  Couth  R,  Trois  C,  et  al.  Modelling  of  greenhouse  gas  emissions  from  municipal 
solid  waste  disposal  in  Africa.  International  Journal  of  Greenhouse  Gas  Control 
2011  ;5(6):1443-53. 

[29]  Ritzkowski  M,  Stegmann  R.  Controlling  greenhouse  gas  emissions  through 
landfill  in  situ  aeration.  International  Journal  of  Greenhouse  Gas  Control 
2007;l(3):281-8. 

[30]  Machado  SL,  Carvalho  MF,  et  al.  Methane  generation  in  tropical  landfills: 
simplified  methods  and  field  results.  Waste  Management  2009;29(1):  153-61. 

[31  ]  Luo  D,  Dai  Y.  Economic  evaluation  of  coal  bed  methane  production  in  China. 
Energy  Policy  2009;37(10):3883-9. 

[32]  Bani  Shahabadi  M,  Yerushalmi  L,  et  al.  Estimation  of  greenhouse  gas 
generation  in  wastewater  treatment  plants— model  development  and  applica¬ 
tion.  Chemosphere  2010;78(9):1085-92. 


S.E.  Hosseini  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  28  (2013)  400-409 


409 


[33]  Kebreab  E,  Johnson  K,  et  al.  Model  for  estimating  enteric  methane  emissions 
from  United  States  dairy  and  feedlot  cattle.  Journal  of  Animal  Science  2008;  86 
(10):2738-48. 

[34]  Guisasola  A,  Sharma  KR,  et  al.  Development  of  a  model  for  assessing  methane 
formation  in  rising  main  sewers.  Water  Research  2009;43(ll):2874-84. 

[35]  Wang  S,  Yang  X,  et  al.  Methane  emission  by  plant  communities  in  an  alpine 
meadow  on  the  Qinghai-Tibetan  Plateau;  a  new  experimental  study  of  alpine 
meadows  and  oat  pasture.  Biology  Letters  2009;5(4):535-8. 

[36]  Harrison,  MR,  R  Cowgill,  et  al.  (1996),  Methane  emissions  from  the  natural  gas 
industry,  US  Environmental  Protection  Agency,  National  Risk  Management 
Research  Laboratory. 

[37]  Yang  SS,  Liu  CM,  et  al.  Estimation  of  methane  and  nitrous  oxide  emission  from 
paddy  fields  and  uplands  during  1990-2000  in  Taiwan.  Chemosphere  2003;52 
(8):1295-305. 

[38]  Nusbaum  NJ.  Dairy  livestock  methane  remediation  and  global  warming. 
Journal  of  Community  Health  2010;35(5):500-2. 

[39]  Hosseini  Seyed  Ehsan,  Andwari  AM,  Wahid  MA  Abdul,  Bagheri  Gobad.  A 
review  on  green  energy  potentials  in  Iran.  Renewable  and  Sustainable  Energy 
Reviews  2013.  http://dx.doi.Org/10.1016/j.rser.2013.07.015. 

[40]  Takahashi  J.  Some  prophylactic  options  to  mitigate  methane  emission  from 
animal  agriculture  in  Japan,  Asian-Aust.  Journal  of  Animal  Science 
2011;24:285-94. 

[41]  Naqvi  S,  Sejian  V.  Global  climate  change:  role  of  livestock.  Asian  Journal  of 
Agricultural  Sciences  2011  ;3(1):  19-25. 

[42]  Johnson  KA,  Johnson  DE.  Methane  emissions  from  cattle.  Journal  of  Animal 
Science  1995;73(8):2483-92. 

[43]  Houghton,  JT.  (1997),  IPCC  guidelines  for  national  greenhouse  gas  inventories, 
IPCC  WGI  Technical  Support  Unit. 

[44]  Lou,  X,  J  Nair.  (2009),  The  impact  of  landfilling  and  composting  on  greenhouse 
gas  emissions— a  review.  In:  Selected  papers  from  the  international  conference 
on  Technologies  and  Strategic  Management  of  Sustainable  Biosystems,  Perth, 
Western  Australia,  6-9  July  2008,;  Elsevier. 

[45]  Hosseini  Seyed  Ehsan,  Wahid  Mazlan  Abdul.  Biogas  utilization:  experimental 
investigation  on  biogas  flameless  combustion  in  lab-scale  furnace.  Energy 
Conversion  and  Management  2013;74(2013):426-32. 

[46]  Price  L.  Sectoral  trends  in  global  energy  use  and  greenhouse  gas  emissions. 
Energy  Policy  2008 ;36(4):  1386-403. 

[47]  Ong  H,  Mahlia  T,  et  al.  A  review  on  energy  scenario  and  sustainable  energy  in 
Malaysia.  Renewable  and  Sustainable  Energy  Reviews  2011;  15(1  ):639-47. 

[48]  Kralova  I,  Sjoblom  J.  Biofuels-renewable  energy  sources:  a  review.  Journal  of 
Dispersion  Science  and  Technology  2010;31(3):409-25. 

[49]  Tye  YY,  Lee  KT,  et  al.  Second-generation  bioethanol  as  a  sustainable  energy 
source  in  Malaysia  transportation  sector:  status,  potential  and  future  pro¬ 
spects.  Renewable  and  Sustainable  Energy  Reviews  2011. 

[50]  Mohamed,  AR,  KT  Lee.  (2004),  Energy  policy  for  sustainable  development  in 
Malaysia. 

[51]  Association,  W.  W.  E.  (2009),  World  wind  energy  report  2008,  WWEA:  Bonn. 


[52]  Kadir  MZAA,  Rafeeu  Y.  A  review  on  factors  for  maximizing  solar  fraction  under 
wet  climate  environment  in  Malaysia.  Renewable  and  Sustainable  Energy 
Reviews  2010;14(8):2243-8. 

[53]  Oh  TH,  Pang  SY,  et  al.  Energy  policy  and  alternative  energy  in  Malaysia:  issues 
and  challenges  for  sustainable  growth.  Renewable  and  Sustainable  Energy 
Reviews  2010;  14(4):  1241 -52. 

[54]  Basha  SA,  Gopal  KR,  et  al.  A  review  on  biodiesel  production,  combustion, 
emissions  and  performance.  Renewable  and  Sustainable  Energy  Reviews 
2009;  13(6):  1628-34. 

[55]  Nigam  PS,  Singh  A.  Production  of  liquid  biofuels  from  renewable  resources. 
Progress  in  Energy  and  Combustion  Science  2011;37(l):52-68. 

[56]  Yacob  S,  Hassan  M  Ali,  et  al.  Baseline  study  of  methane  emission  from 
anaerobic  ponds  of  palm  oil  mill  effluent  treatment.  Science  of  the  Total 
Environment  2006;366(1):  187-96. 

[57]  Hosseini  Seyed  Ehsan,  Wahid  MA.  Necessity  of  biodiesel  utilization  as  a  source 
of  renewable  energy  in  Malaysia.  Renewable  and  Sustainable  Energy  Reviews 
2012;16(8):5732-40. 

[58]  Saidur  R,  Abdelaziz  E,  et  al.  A  review  on  biomass  as  a  fuel  for  boilers. 
Renewable  and  Sustainable  Energy  Reviews  2011;15(5):2262-89. 

[59]  Hosseini  Seyed  Ehsan,  Wahi  Mazlan  A,  Salehirad  Saber,  Seis  Mohsin  M. 
Evaluation  of  palm  oil  combustion  characteristics  by  using  the  chemical 
equilibrium  with  application  (CEA)  software.  Applied  Mechanics  and  Materi¬ 
als  2013;388:268-72. 

[60]  Hansen  Sune  Balle,  Olsen  Stig  Irving,  Ujang  Zaini.  Greenhouse  gas  reductions 
through  enhanced  use  of  residues  in  the  life  cycle  of  Malaysian  palm  oil 
derived  biodiesel.  Bioresource  Technology  2012;104:358-66. 

[61]  Wu  TY,  Mohammad  AW,  et  al.  Pollution  control  technologies  for  the 
treatment  of  palm  oil  mill  effluent  (POME)  through  end-of-pipe  processes. 
Journal  of  Environmental  Management  2010;91(7):1467-90. 

[62]  Jayed  M,  Masjuki  H,  et  al.  Environmental  aspects  and  challenges  of  oilseed 
produced  biodiesel  in  Southeast  Asia.  Renewable  and  Sustainable  Energy 
Reviews  2009;13(9):2452-62. 

[63]  Abbasi  T,  Tauseef  S,  et  al.  Anaerobic  digestion  for  global  warming  control  and 
energy  generation— an  overview.  Renewable  and  Sustainable  Energy  Reviews 
2012;16(5):3228-42. 

[64]  Borja  R,  Banks  CJ.  Treatment  of  palm  oil  mill  effluent  by  upflow  anaerobic 
filtration.  Journal  of  Chemical  Technology  and  Biotechnology  1994;61 
(2):103-9. 

[65]  Wu  T,  Mohammad  A,  et  al.  Palm  oil  mill  effluent  (POME)  treatment  and 
bioresources  recovery  using  ultrafiltration  membrane:  effect  of  pressure  on 
membrane  fouling.  Biochemical  Engineering  Journal  2007;35(3):309-17. 

[66]  Lay  JJ,  Li  YY,  et  al.  Interaction  between  homoacetogens  and  methanogens  in 
lake  sediments.  Journal  of  Fermentation  and  Bioengineering  1998 ;86 
(5):467-71. 

[67]  Seyed  Ehsan  Hosseini.  Performance  evaluation  of  mild  combustion.  Diss. 
Universiti  Teknologi  Malaysia,  Faculty  of  Mechanical  Engineering,  2012. 


